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Card 1/3

Movchan, B. A., Dzykovich, I. Ya. S0V/20-125-2-32/64
— e —————— e

On the Selective Penetration of Dissolved Elements

From the Liquid Phase Into a Crack (ob izbiratel'nom

proniknovenii rastvorennykh elementov iz zhidkoy fazy

v treshchinu)

Doklady Akademii nauk SSSR, 1959, Vol 125, Nr 2,
pp 354-355 (USSR)

In the present paper direct determination of the concentration
of the liquid enriched in the crack formed on the boundary
between the phasesis carried out. The experiments were carried
out on aluminm-copper- and aluminum-zinc alloys, which had
been produced from pure components (99.995 %). Corrying out

of experiments is described on the basis of & schematical
drawing. The authors operated by means of the guantvitative

and qualitative absorption-microradiography. The esseniial
feature of microradiography is based on the simulianeous
nicroradioscopy of the sample (small plate) to be
investigated and of a pattern on a fine-granulsr film. The
following photometrization of the microradiographic pictures
makes it possible to determine the chemical composition of the
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On the Selective Penetration of Dissolved Elements SOV/20-125~2-32/64
From the Liquid Phase Into & Crack

given microstructure. The accuracy of the methed of
quantitative microradiography is +(10 £ 15)% of the
quantity to be measured. According to the results determined
by this method, the copper- and zinc-content in the crack
is considerably higher than the average value cf this
content in the corresponding alloys. A mi.croradiogram of a
sample having & crack recorded by means of iron radiation
is shown in form of a diagram and the resulta of the
quantitative radiography are given in a sable. In the cracks,
which are in contact with liquid aluminum-copp~r alloys with
2 - 9 and 7.8 % copper the copper content is aoout equal to
eutectic concentration. This also agrees well with the results
obtained by metallographical analysis. The alloy filling the '
crack is of eutectic structure. With an increase of the zinc-
and copper content in the respective alloys the tendency
towards forming surface cracks diminishes. The selective
penetration of the dissolved elements into the crack may be
explained by a tendency towards establishing an equilibrium
between the phases. The copper- and zinc-content in the cracks

Card 2/3 agrees within the error limits with the concentrations
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On the Selective Penetration of Dissolved Elements SOV/20~125-2-§2/64
From the Liquid Phase Into a Crack

determined from the liquidus of the diagrams mentioned,
There are 2 figures, 1 table, and 9 references, 8 of which are
Soviet.

ASSOCIATION: Institut elektrosvarki im. Ye. 0. Patona Akademii nauk SSSR
(Ins titute of Electric Welding imeni Ye. 0. Paton of the
Academy of Sciences, USSR) :

PRESENTED: December 7, 1958 by A. A. Bochvar, Academician
SUBMITTED: December 2, 1958
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1.2%00 s/125/61/000/011/002/012
D040/D113
AUTHOR Dzykovich, I, Ya.
TITLE: Investigation of the structure and crystallization processes of

weld metal on austenitic chrome-nickel steels
PERIODICAL: Avtomaticheskaya svarka, no. 11, 1961, 14-19

TEXT: Data is presented on an invastigation of the effect of cooling rate
and additional alloying with Mo, Ta, W and Mn on the structure and the crys=-
tallization process of X16# 20 (kn16N20), X16H 35 (kn16N35) and K 20H 80
(Kh20NB80) alloys. A special wedge-shaped copper mold with double walls,
between which water circulated, was used to imitate the welds. A thermo-
couple and an oscillograph were used for plotting curves showing the depen-
dence of the cooling rate on the wedge height. The included photo-micro~
graphs show the high effect that the cooling rate has on the dimensions of
acicular crystallites. It was stated that polygonization depended on the
cooling rate, the content of additional alloying elements and alloy type,
e.ge polygonization stopped completely in Knl6N20 and Kh20NB0O alloys at a
cooling rate of 40-2000C/sec with 2.5% Mo added to Kh16N20 and 14% to
Kh20N80; however, on adding 10% Mo to Kh20N80, polygonization could only be

Card l/){j
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8/125/61/000/011/002/012
Investigation of the structure cee D040/D113

prevented by using a cooling rate of 170-20000/59C0 Welds were produced for
comparison on Khl6N35 steel using the conventional subarc method, The struc~
ture of the welds was improved and hot cracking reduced by feeding neuiral
wire into the tail portion of the pool. Reference is made tc cther data,
proving that crjstal lattice defects in weld metal and cast high alloys may
be controlled by varying the cooling rate (Ref. 2: B. A. Movchan, "Avtomati-
cheskaya svarka", No. 9, 1960; Ref. 3: B, A, Movchan, I, Ya. Dzykovich,
"Vozmozhnost! upravleniya raspredeleniyem nesovershenstv kristailicheskoy
reshetki v litykh vysokolegirovannykh splavakh", The possibility of con-
trolling the distribution of crystal lattice defec¥s in cast high alloyé],
sb. "Nauchnyye doklady po teorii zharoprochnosti", M., 1961). The follow-
ing conclusions were drawng (1) The cooling rate in the root of welds on
the studied alloys is 3-4 times higher than in the top portion; (2) feed-
ing a separate filler wire into the rear portion of the pool, raises the
codling rate of the weld rool from 140 to 190°C/sec, and that of the weld
top portion from 30 to 50°C/sec; (3) polygonization stopped in the Kh16NZO
cast alloy <ontaining 2.5% Ta, when a cooling rate of 40-200°C/sec was ap-
plied; to obtain the same effect with 2,5% additions of Ta, W and in,

Card 2/;,/}
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Investigation of the structure ... D040/D113

cooling rates of 40-200°C/sec, 100-200°C/sec and 120-200°C/sec had to be
applied. There are 5 figures and 6 Soviet references.

ASSOCIATION: Ordona Trudovogo Krasnogo Znameni Institut elektrosvarki im.
Ye. 0. Patona AN USSR (Electric Vielding Institute "Order of
the Red Banner of Labor" im. Ye. 0. Paton, A4S UkrSSR)

SUBMITZED: March 7, .1961
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32958
8/125/62/004/501 /003 /%
1-2300 1575 DO36/D113
AUTHORS ; Kushi irenko, B, N.W
TITLE: Some metallurgicai methods ¢of combatiing heot cracking in

welds on custenitic ste=ls
PERIODICAL: Avtom ticheskaya svarka, no, 1, 1962, 14-19

TEXT: Methods of preventing hot cracking in closed buti welds in nichrens
austenitic steels of the 1X16H18T (1Kh)AN18T), 1X16H24T (1Kh16:24T) und
1%18H9T (1Kh18NYT) types and in M1 (N1) commercial nickel, mzinly by add-

ing modifiers to the "cold" part of the welding pool are described. The
experiments are a continuation of previous studies in which it was cemon-
strated that the distribution of crystal lattice imperfections could be ’
controlled in cast high alloys. Welding was carried out with IX1CHD {)/
(1Xnh18N9) 5 mm welding wire and an AH-26 (AN-26) lowsilicon flux a* £Q0-

650 amp and 36-40 v, using reversed-polarity direct current and aATC—?z‘,v
(DTS-24) two-arc tractor fitted with a device for feeding the filler wira

into the "cold" part of the welding pool (fig. 1). Conclucions: (1) Hedi-
fying and alloying the weld metal can best be achieved by introdusing

Card l/l 3
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S/125/62/020/0061/003/011
Some metallurgical methods of ... D03%6/D113

additives in the form of powder or solid filler wire directly into the
"e0ld" part of the welding pool; (2) When the weldin; pool is cocled by
filler wire,the crystal structure is improved, the size of the aciculoer
crystals isg reduced, the polygonization boundaries change, and the numbe ‘)(
of hot cracks is reduced by 40-60%, even without medifying ngents; (3)

el

n

Modification using cerium with simultaneous cooling of the welding pes
duced the acicular structure and virtually eliminated hot cracking i
welding 1Khl6N18T steel} (4) Molybdenum, introduced into we]ds ir
1Kh16N18T and lKhl6N24T type steels in the critical amount
and 2. 5—;,5% respectively, and in the form of powder wize; -~
polygonization process, considerably refined the acicular 3t
eliminated hot cracking. MTungsten in critical amounts of 2.6-3.25% had an
almost similar effect; (5) A practical method wes developed fory eliminat-
ing cracking in the weld crater. The method uses a modified two-ar:
welder, and consists in continuing to feed a second wire with ihe molyb-
denum into the crater for a certain time after cessation of the feca of

the first wire. In addition to tnese conclusions, it was also Fuund thar
molybdenun and tungsten in the same amounts as given in (d) elinminatel hot
cracking in fillet and T-butt welds. The addition of N41% of cerium into
Card 2/f 7z
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8/125/62/600/001/063 /011
Some metallurgical methods of ... D036/D113

welds in N1 nickel also eliminated hot cracking, as it removed sulfur Trom
the solid solution, resulted in the formation of fine primery inclusionsz
of the second phase, and retarded the polygonization process. There are

6 figures and 5 Soviet JLeferences.

ASSOCIATION: Ordena Trudovogo Krasnogo Znameni Institut elektrosvarki im,
Ye. 0. Patona AN USSR (Electric Welding Institute "Order of
the Red Banner of Labor" im. Ye. O. Paton of the AS UkrSSR)

SUBMITTED: March 29, 1961
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MOVCHAN, B.A.; DZYKOVICH, I,Ya,

Posaibility of controlling the distribution of defects in the crystal
lattice of high-alloy castings, Issl. po zharopr. splav, 9:243-248
162, (MIRA 16:6)
(Heat-resistant alloys—Metallography)
(Crystal lattices—Defects)
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ACCESSION.NR:‘ AT4013928 8/2659/63/010/000/0052/0057 -
AUTIOR: Movchan, B, A,; Dzy*kovich, L' Ya.; Nerodenko, L. M. ‘.
Jzy KOV . .

TITLE: A new approach to analysis of the mobility of imperfections in the crystal lattice !
in nlloys

SOURCE: AN SSSR. Institut metallurgil. Issledovaniya po zharoprochny*m splavam, _ !
v. 10, 1963, 62-57 :

TOPIC TAGS: crystal lattice, crystal lattice imperfection, alloy, alloy crystal structure,
crystal lattico imporfection mobllity

from high temperatures (not exceeding the melting point) often lead to imperfections in the
crystal lattice, The most important feature of the proposed approach to the analysis of the '
mobility of imperfections in solid solutions is the fact that the diffusive motion of the dis~
locations is considered in continuous connection with the chemical composition and, conse-
quently, with the type of atomic action in the alloys, Data on the mobility of dislocations
allow -one tojudge the relative mechanical properties of alloys at high temperatures with=- -
out employing complicated and lengthy tests. The described method of estimating the {-:
z

¥
{

S

ABSTRACT: High energy nuclear radiation, plastic deformation and rapid cooling of alloys I
|

)

Cord 1/2 o | - | '
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ACCESSION NR: AT4013928
diffusive mobility of dislocations on the basis of a wedge-shaped casting is distinguished by i By

. simplicity, rapid analysis and clarity and may be used with success for finding heat ; i
~ resistant alloys on the basis of solid solutions, for selecting satisfactory welding alloys, ! 1

ete. Orig. art. has: 2 figures and 1 table, o
. ASSOCIATION: Institut Metallurgii AN SSSR (Metallurgical Institute AN SSSR)
| SUBMITTED: 00 DATE ACQ: 27Feb64 ENCL: 00 L
- SUB CODE: ML NO REF SOV: 006 OTHER: 001 Lk

! ;
A
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; ,;!}Enpid method of selecting one-phase alloys with satisfactory weldability

b R eat resistance. Avtom, svar. 16 n0,2:34-40 F 163, (MIRA 16:4)

1, Institut eletrosvarki imeni Ye‘,a\i’atom AN .
(Alloys—Metallography) (Welding—Testing)
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L 1679-66 _
ACCESSION NR: AP5020772 ‘ G
sintered in a furnace at 14560 C for 2 hours, with rapid cooling. One face of

each sample was polished for examination. Results of experiments show that, in
tungsten-nickel iron alloys, the introduction of iron has an effect on the mutual

golubility of tungsten and nickel. In alloys containing iron, in comparison with

The distribution of iron with respect to the tungsten grain remains constant, in-
dependent of the composition of the alloy, and more uniform in spite of the solu-
bility which is five times greater than the golubility of nickel in alloys with an
identical ratio of elements./ Orig. art. has: 4 figures and 2 tables

tungsten nickel alloys, there is observed a contraction of the heterodiffusion front

LA
ASSOCIATION: Institut élektrosvarki im. E. O. Patona AN USSR (Electric Weld-

e

ing Institute, A USSR $Institut problem materialovedeniya AN USSR (Institute

for Problems of Muerials Processing, AN WerSSR). -
SUBMITTED: 060ct84 ENCL: 00 SUB CODE: MM

NR REF 80V: 003 i OTHER: 000
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VOLESHCHEMKO, M.V., kand, tekhr. naukj DZYKOVICH, I,Ya,, kand, tekhn, nauk

Digtribution of silicon and magnesium in cast iron, Lit, proizv. 20,91
7-9 8 165, (MIRA 18110)
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DZYKOVICH, I.Ya.y MAKARQVA, R.V.; TEODOROVICH, 0.K.; FRANTSEVICH, I.N,

Distribution of elemsnts during the formation of ceramic metal
alloys in the system W - Ni - Fe, FPorosh. met. 5 no,8:62-69
Ag '65. (MIRA 18:9)

1. Institut elektrosvarki imeni Patona AN UkrSSR § Institut
problem materialovedeniya AN UkrSSR.
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FEDORCHENKO, I.M.- PANAIOTI, L.1.; DERKACHEVA, G.M.; DZYKOVICH, I.Ya.;
GORDA', G.H.

Studles in the field of friction materials, Report No.2.
Porosh, met. 5 no.9:65-68 § '65, {MIRA 12:9)

1, Institut problem materialovedeniya AN UkrSSR i Institut
elextrosvarkl imeni Patona AN UkrSSR.
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Investigating the microscopic chemical heterogeneity in

1
welds, Avtom.svar, 18 no,1115-11 N 65. (MIRA 18312)

i, Institut elektroavarki im, Ye.0,Patona AN UkrSSR,
Submitted April 13, 1965,
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ACC NR:  APG012277 (N) "SOURCE CODE* 124765/000/011/0005/0011 ) '}
. . g
AUTHOR: Makara, A. M.; Dzykovich, I. Ya.; Mogendz, N. A.; Gordan', G, N. : L/
T i

ORG: Institute of Blectz‘icmﬂelding im. Ye. O. Paton%ﬂﬂ UkrSSR (Institut elektrosvarki
AN UkrSSR)

TITLE: Investigation of microscopic chemical heterogeneity in weld joints

SOURCE: Avtomaticheskaya svarka, no. 11, 1965, 5~11 |${ ‘

TOPIC TAGS: welding, x ray analysia, alloy steel , weld evaluation, cooling rate,
high strength steel, seam welding

ABSTRACT: Localized x-ray analysis is used for studying the effect of cooling rate on
the degree of chemical nonhomogeneity in welded seams of high-strength steel as a func
tion of the content of basic alloying elements (silicon, manganese, chromium, nickel,
molybdenum and tungsten) and also for determining the relationship between this mnon-
homogeneity and the concentration of carbon in the seam, as well as the content of
carbon combined with alloying elements. Electroslag, electric arc and electron beam
methods were used to give a wide range of cooling rates. Welded specimens of KhGSN,
Kh2GSNVM and Kh3M were studied, It is shown that the degree of microscopic chemical
heterogeneity in the joints remains nearly constant throughout a wide range of cool-
ing rates and variations in acicular crystallite sizes. The degree of liquation of

UDC: 621.791,053 : 620.192.3
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L 24457-66

ACC NR:  AP6012277 g

elements in the weld seams is considerably dependent on carbon concentration, nature
of the impurity element and the system used for alloying. The lilegree of vnolybdenum
liquation increases rapidly with carbon conge ntration, tungste Lhows somevlgnat less
dependence, while the liquation of ghmlum, silicord, 3ma__mm}7and icke XAs affect-]
ed only slightly by an increase in carbon coptent. Molybdenum and vapadium liquate
out much more readily than chromium ._a.tu.mn'ﬁnd manganese; nickel is not segregated
in this manner at all in many cases. Further studies are needed on the development
of chemical microheterogeneity in weld seams as a function of crystallization condi-
tions, concentration and nature of impurity elements and alloying systems. Orig. art.
has: 3 figures, 3 tables. . :

SUB CODE: 11,13/ SUBM DATE: 13Apr65/ ORIG REF: 008/ OTH REF: - 002

Car.d 2/2&‘0"
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ACC NRi - AP600AL3S (N} " soURCE CODEs UR/0125/66/000/001/0010/0014 _
' e

| AUTHOR: Rabkin, D. M.; Dzykovich, 1. Ya.; Ryabov, V. R.; Gordan', G. K. =
Eme——— iy, Jc!

ORG: Inatitute of Rlectric Welding im. Ye, 0. Paton, AS UkrSSR (Inutit/ut elektros-
varki) .

' : {
TITLE: Distribution of elements in the fusion zone during the welding of aluminum
with steel ‘ o

SOURCE: Avtomaticheskaya evarka, no. 1, 1966, 10-14
TOPIC TAGS: arc vélding, bimetal welding, aluminum, steel, phase composition

ABSTRACT: This distribution was investigated by means of microradiographic and

x-ray structural analyses for cases of differen pre-welding greatment of both metals.
Three types of steel-aluminum welded specimens gxt out from Lhe zone of transition
from Al to stef}.' were inve gaéd: zinc-plated' steel St. 3 ‘{thickness of galvanic
coating ~40 p with aluminum'AD1‘{automatic double-arc welding); steel St. 3 with th

- Al alloy AMgSV\‘gautomatIc argon arc welding, coated wire electrod(f contalning purei-
( aluminum AVOOC\treated with 2 and 5% Si): alitized steel 1Khl8u3T Sith the alloy [
’“_f\,_!j;;;_g_ {alitizing performed in pure aluminum AVQCO, with subsequent argon arc welding |7
with standard coated AMg6 wire). Findings: the welding of zinc-plated steel St. 3 with
aluminum AD! results in & fusion zome containing 38-437% Fe. The constitution diagram |

| Card _ 1/2

iz~ UDCs. 621.791,7:546.621: 669,140

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000411920019-4"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000411920019-4

L 23416-66 | , :
ACC NR: AP6004135 < 74

shows that this corresponds to the presence of two phases in the layer: PefAl ’
Iocated-:ﬁ‘ore closely toward iron, and FeA13, located more cleosely toward Al. aelding
with SiZtreated coated wire electrode changes the phase composition of the fusion zone
compared with the fusion zone of Zn-treated Fe-Al welds: the amount of the FejAlg
phase decreases and the width of the intermetallide layer is insignificant. Thus,
silicon participates in the fémation of the fusion zone by narrowing the region of
existence of the moat brittle'phase Fe,ALs. As for the fusion zone of the welded-
joint of alitized -- in pure Al -- steel. ?Kh18N9‘r ‘with Al alloy AMg6, it was found

to contain 'a lower (~24-25%) amount of ‘Fe, which accounts for the particularly high
strength &f this type of welded joint. Orig. art, has: 2 formulas, 6 figures..

su CODEA" 11, 13, 20/ SUEM DATE: 12Feb6S/ ORI REF: 007/ OTH REF: 005

(i K ._ . . ) . ] -
Card ZIZM ) : M -
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L L7Wk6-66  EWI(d), ENT(m / WP(w)/BP(y }/1/E0P( L) /BAT/B(k) vl . DS/ .
ACC NR: AP6C0OT7108 (}4) JO/4B/1H SOUNCE CODE: UR/0129/66/000/002/0033/0038 |

. AUTHORS: Kakhovskiy, Ne I.; Yushchenko, K. A.; Dazykovich, I. Ya.; Yushkevich, |
CZe Ve : T L=

" ORG: Institute for Electro-Welding jmeni Ye. O. Paton, AN UkrSSR (Institut v
' elektrosvarki AN UKrSSR) , . (
' g 1.l !

© PITLE: CorrosioA properties of weldei joints‘of steel OKh2IN6M2T
| SOURCE: Metallovedeniye i termicheskaya obrabotka metallov, no. 2, 1966, 33-30

. TOPIC TAGS: alloy steel, welding, seam welding, corrosion, sulfuric acid, formic
' acid, phosphoric acid / OKh21N6M2T alloy steel -,

LBSTRACT: The corrosion stability of welded steel OKh21N6M2T joints in sulfuric,
formic, and phosphoric acid at 140~-70C was investigated. The investigation was
carried out by x--ay and microstructural analysis. The experimental results are
i presefped graphically. In addition, the element distribution in the ¢ amd
! phases\was studied. The composition of the phases was determined by the microanalyzer
" of Ramek. It wae found that in hot concontrat.ﬁd corros}qe media a structure-selective
corrosion of tha metal occurg. The amount 01& i and Moin the X and X phases .
cepernds on the overall nickel content of the steel., Orig. art. has: 3 tables and 2
gaaphse
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| AUTHOR : Makara, A. M.; Dzykovich, I. Ya.; Gordan', G. N.; Mosendz, N. A.

ORG: Institute of Electriec Welding im. Ye. O. Paton,AN UkrSSR (Institut elektrosvarki
AN UkrSBR)

;TITLE: Chemical micrononhomogeniety of cast alloys as a function of cooling rﬁte

ISOURCE: Avtomaticheskaya svarka, no. 8, 1966, 6-9

TOPIC TAGS:: cast alloy, aluminum base alloy, copper base alloy, zinc containing
alloy, nickel containing alloy, cooling rate, metal crystallization

ABSTRACT: Local x~ray spectral analysis is used for studying the effect of cooling
Arate on the defyee of liquation of alloying elements in*dluminum-zinc (15 wt.% Zn) and
-ygopper-nickelv( 5 wt.% Ni) alloys. The alloys were melted from 99.99% pure components
Iin"alundum and steel crucibles 20 mm in diameter and 30 mm high. The difference in
cooling rates was produced by using cold water, air or by furnace cooling. Some of
‘the copper-nickel alloys were also poured into tapered water—cooled molds to obtain
intermediate cooling rates. The cooling curves showed a pronocunced inflection point -
corresponding as a rule to the equilibrium liquidus temperature. This temperature
was taken as the end of crystallization on curves where this point was not fixed. The
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nickel in the Cu-Ni alloys increases sharply as the cooling rate is accelerated reach-
ing a maximum at comparatively low cooling rates (about 1-3°C/sec) where it remains J
constant with a further increase in cooling rate. The development of chemical micro-
nonhomogeniety (dendrite liquation) during crystallization changes the composition of
interdendrite boundaries and the temperature range of alloy crystallization. This
should have a corresponding effect on the technological properties of the alloy in
this range. These data may be used for explaining the connection between the type of
phase diagram and the resistance of the alloy to the formation of hot cracks. The
composition of the dendrite axes in aluminum-zinc alloy is determined by the equili-
brium solidus point and is independent of cooling rate over a wide range. Orig. art.
has: L figures, 1 table. :
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i
TITIE: The formation of TiCr, in welded goints of titanium alloy containing the '
unstable (G-phase ! 7,7

SOURCE: Avtomaticheskaya svarka, no. 12, 1965, 40-45

’ W/(;u‘:.- ; . ) -

TOPIC TAGS: titaniun.aliey, chromium containing alley, molybdonun containing alloy,
alunimm containing alloy, wolding tochnology, welding inspection, seam welding
VT15 titaniun alloy

ABSTRACT: The formation, distributipn, and effect on the weld properties of TiCry

formed during welding of alloy VIl5\was investigated. The investigation was carried
out by metallographic and olectron microscope techniques, The distribution of X -
and @ -phase stabilizing alloying elements was also studied, This study was
carried out with the aid of microsonde "Kameka" as described by R. Castaing (Appli-
cation des sondes électroniques & une methode d'analyse ponctuelle chimique et
cristallographique, Thesis, Univ. Paris, ONERA, Publ, N. 55, 1951), The experi-
nental results are summarized in graphs and tables (see Fig. 1). It was established —
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Fig. 1. Metal structure in the seam after isothermal ahnealix;g nup to 670C
for different time periods (x 250). & = 24 hours; b - 1500 hours,

electropolished; o - 1500 hours, etched.
that TiCr, is indeed present in welding seams of alloy VT15. To insure high impact

strength of the seam, the latter must be quenched from a higher temperature than the|
base metal. The separation of TiCr, along grain boundaries is accompanied by a
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redistribution of the alloying elements—chromium, molybdenum, and aluminum,
art, has: 3 tables and 6 graphs, 37 17 : v7
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AUTHOR: Dzyudb, I. P.
"TITLE: Theory of exciton gtates in semiconductors

PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fizik:, v. 33,
no. 3 (9), 1960, 610-615

TEXT: A study of exciton states in a semiconductor allows a number of
conclusions to be drawn regarding the electron band spectrum. Zxperimonts
have repeatedly proved that the electron energy spectrum in the rejion of
the bottom of the conduction band has an exciton structure. Siudies of
photoeffects and theoretical studies have also confirmed the existence of
excitons. It is shown here that the method of Green functions nmzkes it
possible to congider the problems related to excitonsin semiconductors from
a uniform point of view. Compared with other methods, the one mentionel above
has the advantage of being usable, at any temperature; such probless as
exciton energy spectrum, light absorption, dielectric constant, diffusion
and heat conduction coefficients, are properly dealt with using the two-
particle Green function. The present paper is, however, restricted to the
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problem of an exciton in an undeformed lattice. A system of valence
electrons in a crystal lattice is considered, whose nodes are allowed to %z
at rest. The system of valence electrons can be generally describzd by the

Hamiltonian - )
H=2L(hlata,++ 3 Fhhfddatatara., (1),
'hh hhhle

which takes account of the interaction of electrons with the lattice rodes
end amongst one another. The subscript of f determines the coordinates of
the lattice point and the state of the electron in it. The electron tand
spectrum can be determined from (1) in self-consistent field aprroximction.
The problem consists in taking account of the correlation effects in the
electron system, which considerably influence the character of the energy
spectrum near the bottom of the conduction band. These correlation effscts
are studied by using the two-particle (two-time) retarded and advanced
Green functions according to N. N. Bogolyubov and S. V. Tyablirov (Dil
SSSR, 126, 53, 1959), the equations where <& ..y = Q“1Sp(...e'H/9),

Q = Sp e-H 9. The majority of the physical quantities can be calculatéd by
the two-time correlation function <a¥,(1)af,,?-r)az; ('r')a.g,,(r');-' . The -

Card 2/10 ' 4 X
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Fourier transformers of (2) and (3) coincide. These transformars are ¢noile
ojtained vhen using the equation of motion Hr the operctors in Heisanbhers!s
Tipresentation. After several operations one obtaing

E(a,‘,a,. | a;.a‘.)= (a;,a,.) 6‘.,. —_— (a,’,a‘.) bl.,. -+
+ 3Ly IFaj a | 3Ae) = By (o}l aja, )+

+ % (F(FhF'F) — F (Fhiaf') <o} a.¢ata, | ata .y —
= & (F (Pt — F(FHE)Ke} a)Caha, | aja,; @ -
Ly (frfs) = L(fxf:) + ’2'.1 (f: (hfhiy—F (hf'F'h)) (a;’,al.). ’,CC\?L
- o ) o /J:’ e

to derive it, the author used approximation

Curd 3/10
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-, + — i "
€a1.9,9,9, aga)= (aj a X(a}a, | 0pap-)—<a,a. Xa}a, | ata Y+

1}
, +<a1.9,5¢a}a, | apa y— <@ra€apa, | ara.). e e

f¢r the three-particle Green function. 1In terms of physics, this reans

teking into account the interaction of the excited electren with a hele

fcrmed in the background of filled single-electron states. The soluticn of

(£) reads '

(5)

Cojapidgapd=2) (B — BV ety (ML),

) (1)
Coar=" 2 {8281 g, — €B1,85> 8t} ta (fofa) tiar (@1sa)-
. &iahls
with the normalization condition E u (£rem)ul (£1£7) 26 . This
frgn 7Y Y Y7

result allows the conclusion that in the electron system collective oscilia-
tions (i.e., excitons) are possible, the spectrum of which is determined by
the eigenvalues of

Card 4/10 ///

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000411920019-4"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000411920019-4

Theory of ...

B (Ff) = FIJ Lug (FF') uy (%) —gL.n Py ue (1) +
+,~§, {(F(I}FFs) — F (FRfaf)) a'a.y — G-
| —(F(Fhitfs) — F(FRfAf) Cafap)u, (fllft)'

Tne CGreen function (7) thus has a pole on the real axis. The eigenvalics of
(6) depend on temperature through the mean value <a* a_. ) . 7uwo concrste

cases are considered, namely, the Frenkel!' exciton and the ottt exeiton.
For the first case, the electron is assumed to be in the ground state OF

and in the excited state 12;' at the same lattice site E; the deceneracy of

the latter state is neglected.

Evuty (18, 08)=(Luy (18, 18) — Luys (08, 08))u, (18, Og) +
+ 0 (FoE 1g 1g, 0g)— F (v, 1g og, 18)]<asa > —

R’ g% v, 1

card 5/10

+ X {FwE, 0g'; 1g, 1g'y— F (vg", 0g"; 1g’, I ¢ura .

2. g% v=0, 1

—[F (0, 0g’; ve&", 1¢")— F(0g, 02"; 1€’; v&7))<ara_.>)u (0. 1. ix) R

—[F(0g, 1g; vg*, 0g')— F (0g, 1g’; Og’, V&) <aga, Du (18, 0g) - ( s s 8.5
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Instead of (6) one thus obtains

voog
5B i

goug -
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and, for the exciton energy spectrum,
2R) = {oz+ @I - Fy®IF2 (9), where
Leff(15, 12) - Leff(oé, 0g) describes the width of the enexrgy san,
) and 52(&’) are the Fourier transforms of the functions
F,(1E - 2'1) = (n, - n)P(12, 0215 OF, 131),
Fp(|& - &'1) = (n, - n)F(1Z, 13 0F, OF'),

+ -+
o = Bogfopr M1 = @1t -
In the second case (Mott exciton), these excitoms being in the ground state

cerd 6/10
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-

- . 2
at the site § is assumed to be in the excited state 2t the sit: I'. Thun,
tie equation

Esuy(1b, 0g) = 3} Ly (10, Th)uy (1h', Og) —
2

— DLy (08, 0g'yuy(1h, Og’) +
2

.~y 4
+ 3 {F(e IW; Ih, O0g')— F(s 1h'; Og’, 1h)] (a:aog)—\TO)

g’ h', amog®, 10"
—(F(0g, 1t'; o, Og'}— F(0g, 1N'; 0g’, o)} Camasd} uy (IR, 0g") +

+ D {IF(e 0g', 1h, Ih)—F (s, Og’; I, 1h)|<aZae ) —
g’ B, am0g”®, 10" .

—[F(0g, 0g’; o, 1h)— F (Og, Og’; Ih', o)i<apmacd}u, (0g’, IN).

is obtained instead of (5); the equation for u_(0Z, 1R) is analocous. Then

leaving only the two-center integrals of (10), then '/\/
Card 7/10
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Eyuy(Ih, Og)=hE'L‘,,(lh'; Ihyu (I, Og)— -
— 2L (08, 0g)uy(1h, 0g) + IF g, 1h; 1h, Og) (11).
— F(0g, 1h; Og, 1h)](n,— n,)u,(ih, Og),
ny = {Bogleg ) fy = {amand.

In this approximation, the equations for the functions u (18, oZ) and
)

uy(Og', 1R) are not interrelated. For excitons with a large radius, the

difference equation (11) can be replaced by a differentiel ecuaz*icn. In

ronentunm representation, one obtains for the funection u?:
Eyu, (p) = (e (p — Bk) — e (p + ak)) 2, (p) — 2V (p— p')ezy (), (12);
Y
the dispersion law for the electron in the conduction band and in the /‘(

Card 8/10
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valence band, respectively read:

s (p) = D) Lyy(lh, Ih')e-ivti=b2,
h—b’

60 (p) = 3 Ly (0g, Og)eroe—o),

(12) in coordinate representation reads:

— K 2, 1= —
Eu, (r) = |AE + W - -ZT;'AI‘_“Y (r) -V (r)uy (r)

vhere a = po/po + iy B o= u1/(p° + p1), u; are the effective masses, @ ic

the reduced mass, and AE is the energy gap. Thus, one has an ecuction that
dascribes the discrete structure of the exciton spectrum. . II. Bogolyubdov,
S. V. Tyablikov, and D. N. Zubarev are thanked for advice and diseussioncz.
mhwere are 30 references: 15 Soviet-bloc and 15 non-Soviet-tloc. The thres
myst -recent references to English-language publications read as follows:

S. Zwerdling, B. Lax et al. Phys. Rev. 114, 80, 1959; C. Horie, Progr. Thzor.
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Pays. 21, 113, 1959; J. J. Hopfield, Phys. Rev. 112, 1555, 1358,

A3SOCIATION: Matematicheskiy institut Akademii naul SSSR (Institute of
Mothematics, Academy of Sciences USSR)

SJRUITTED: March 12, 1960
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8/020/60/130/06/017/059
Dzyub, I. P. BO13/BOOT

The Application of the Method of Green Punotions in the Theory
of Solids

Doklady Akademii nauk SSSR, 1960, Vol 130, Nr 6, pp 1241 - 1243
(ussRr) \

04
In the present paper the so-called exiton state in crystals is
investigated with the aid of Green functions. N. E. Bogolyubov
and 8. V. Tyablikov (Ref 9) in recent times suggested an easy
method of investigating problems of statistical physics by means
of advanced and retarded Green functions. The present paper
aleo bases on the aforementioned earlier papers by Bogolyubov
and Tyablikov. By the method of Green functions it is possible
to deal with the case T ¥ 0°K and to estimate the order of

. approximation. If interaction of electrons with the lattice is

taken into account according to this method, it is poasidle
immediately to determine some kinetic coefficients relating to
the exiton states. For the purpose of determining the spectrum

of exiton states, the two-particle- (and the double-timed)

Green funotion is determined. By means of the approximation (}/
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used here, it is possible to determine the energy spectrum, but
not the width of the exiton levels. The author investigates a
eystem of electrons in a lattice. In the most general of cases,
this system of electrons is determined by the Hamiltonian

H-ZL(ff)a*a +-1-Z p(f,f,1,2.)at al a, a, . The
t 1 172 f1 fz 2 £ 2. ¢ 1727473 f1 f2 f} f4
172 1727374
index f here denotes the number of the node and the state of
the electron on this lattice point. In an atomic semiconductor
(of the Ge-type) the index f inocludes the number of the lattice
point and the number of the zone. The problem consists in taking
the correlation between the electrons which determines the
character of the spectrum of the system of electrons near the
bottom of the conduction band into account. For consideration
of the electron correlation, investigation of the two-particle
Green function suffices. Next, the Fourier-representation of
this Green funotion and the splitting of the three-partiocle
Green function is written down, In order to be able to solve the
Card 2/3 equation for the above-mentioned Fourier-representation, an Dk//
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auxiliary problem is investigated. In the system under investi-
gation elementary excitations are possible, the spectra of which
are determined by means of the eigenvalues of an equation writ-
ten down here. These excitations, by the way, belong (vy ap-
proximation) to the Bose-type. In the approximation of gtrong
soupling the just mentioned equation for the spectrum of a
Frenkel-exiton certainly holds for the electrons in a lattice.
If the excited eleotron passes over to neighboring lattice
points, the eigenvalues of this squation are discrete. In an
electron gas with Coulomb interaction the above equation deter-
mines the spectrum of collective excitations. With T = 0°K, thie
spectrum agrees especially with a spectrum determined by

K. Sawada (Ref 6)., The author thanks N. N. Bogolyubov,

8. V. Tyablikov, and D. N. Zubarev for advice and for their
interest in the present investigation. There are 14 references,
6 of which are Soviet.

PRESENTED: Hovember 12, 1959, by N. N. Bogolyubov, Academician Lk//
SUBMITTED: October 22, 1959
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AUTEORS ¢ Dzyub, I. P.,, and Lubchenko, A. F.
L S
TITLE: Resonance scattering of light from impurity centers in a

solid
PERIODICAL: Fizika tverdogo tela, v. 3, no. 12, 1961, 3602 - 3613

TEXT: A theory of resonance scattering by impurities is aeveloped. The
shapes of the excitation and resonance luminescence spectra, their temper-
ature dependence and other solid-state characteristics are studied. The
theory is based on the following assumptions: The solid is considered a
dielectric solvent containing impurities in such a low concentration that
interaction between impurity centers may be neglected. An arbitrary dis-
persion law is valid. The system consists of the'solid solution”" and the
radiation field, the absorption range of the solid being far from the im-
purity absorption range. The excited impurity level 11 be not degenerate,

and far from the other electron levels, which are neglected. Resonance
scattering of light, owing to the perturbation H' is degcribed by
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1°(n:)(Nd)—>1‘1(na)(Nd,-1)-—>l°(n8')(Nd,-1,Nd,,+1), where 1 denotes all the

quantum numbers of the ground states of optical impurity electrons. If
4this sequence of transitions is characterized by 0, 1, 0!, the transition

probability amplitudes bo, b1, and bo' are given by L’j”
e 7;;;;,{_%’}, : 4 .
| b.=c,,'[exp{—‘;‘+%—(E,—Eo)}—e;p{—1§—'}] “ with
R IAEAICH o)
ool ©
' 50—5,+;r-1‘2;' _ )

. ' O - B
The initial conditions are bi(o) = 8,0 =0, 1,0 n.,111° b11(0)(0)

- EIO(O)(O)’ Q(Rl 1 ) is the density of the radiation oscillators of the
170
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frequency $2 . 1Q lH',,ll(}l2 is the result of an integration of the
1,1, 18y . e

square matrix element of H' with respect towl over the solid angle and
summation dver the polariz:ationa of the scattered quanta. The expression

Ww—np-lustrgenen O '
- W(o,, )= m”dldt’ e Re j‘ dpe-lp'd-l'(ll'p) (10) with A/

"oo=m,."'“’.u ﬂ""_Q +m',-,’ M "‘Kl IH,,'I,)H(I ,H lll)r

K@rp=314, [(1, 1) P,(tf) et -1t WPr(t)er], (1)

g(l’) 2 ﬁ,,. [(n,~+1)exp (—lt’w,)—{-ﬂ exp (it'o, )—(28,~+1)|, (12)

P )= (1 - e“"") (1 - e-“--)

e s m—— e . mtt—— e PO ——

is derived for the socattering probability.  g*(t) and P;‘(tt') are obtained . pr™
~ ‘Card 3/7 : Y

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000411920019-4"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000411920019-4

32073
, . s/181/61/003/012/007/028
" Resonance scattering of... B102/B108

from g(t') and P (tt') by substituting -t for t' and t' for -t,
respectively. The width rof the ground level, defined by

s AL AN IC SR

is proportional to the intensity of the incidént' quantum flux. ? and v

b(—

"are the wave functions of the optical impurity electrons and of the other
electrons, respectively; t"s denotes the displacement of the solvent

nuclei from their equilibrium position, W is the frequency of the normal
oscillations of the solvent, ng the population of the phonon field. Egq.
(10) determines the resonance scattering probability for arbitrary frequen-
cy dispersion of the normal oscillations of the solution, arbitrary 2 1

and arbitrary temperature. For the excitation spectrum,

W () ="t w, 0T, [l)|’[NI (mf)—.-El;(m ] (16)

J=1
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results, if ‘
1 we \?
. 72{},‘(2&4”1)(-;) >1 (15)

is fulfilled. The phonon part of the excitation spectrum, defined'by

a8 s
A (“’o')-'_—"-ROI e‘ o’; L )dx= ‘ ‘ ‘/)/
0

ot
' V;e"?if.[1+3D+BCa 6Dﬂ’+C¢3+ Dat _‘_'“]

T & @By @y
a==8f, +A—ov,

citation spectrum is a sum of Lorentz curves. The resonance luminescence
spectrum is given by

[ r - .
S’ (0e)= [ dyRe, | dxF (x, p), (@)
Card 5/7 vt
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F (x, y)—exp {lﬂ,x—lg-*-e(X) —4 Ei.:.'m Feos "5'}

or, if no frequency dispersion is preaent by

4”(2VF) .
i

(u.,-Q’,.-o-sl-—mu) +7

1

5 (or)=e=0 }, /‘-(2«:)( ol

b=28,(n+1). c—-ZE.., .

with Zézl =g, I 1s a Beasel function of 11i-th order of an imaginary
5 s8l, 111

argument. If (15) is not fulfilled and Zt', o1, (n +1) <1,

o b"cc .
Sl(m,.)——e , 2 I‘I{_n,l [u',_gi,'+E:,(¢._; z',)J S
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It is then shown that the shape of the resonance luminescence spectrum

depends to a considerable extent on the ahape of the irradiation spectrum.

A. S, Davydov is thanked for discussions. There are 15 references:

7 Soviet and 8 non-Soviet. The four most recent references to English-
language publications read as follows: Huang Kun, A. Phys. Proc. Roy. :

Soc. 204, 406, 1950; M. Lax. J. Chem. Phys. 20, 1752, 1952; R. Kubo, ,/*”
T. Toyozawa. Progr. Theor. Phys. 13, 160, 1955; G. N. Watson. Theory of

Bessel Functions, New York, 1945.

ASSOCIATION: Institut fiziki AN USSR Kiyev (Institute of Physics AS UkrSSR,
Kiyev)

SUBMITTED: June 29, 1961
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AUTHORS'; Dzyuwd, I.P., and Lubchenko, A. F. ' _
TITLE: Emission; ‘absorption, and reabaorption of gamma quanta by

. impurity nuclei in solid solutions y

PERIODICAL: Akademiya nauk SSSR. Izveotiya. Seriya fizicheskaya, v. 25,
no. 7, 1961, 893 - 900 ’ ’

TEXT: This paper ‘was read at the XI Annual Conference on Nuclear

Spectroscopy in Riga, January 25 - February 2, 1961, Emission and .
absorption probability of gamma-radiocactive impurities are calculated in
adiabatic approximation. It is assumed that the theory of the Mossbauer

effect refers to translatory eymmetry in the solid solution and that

impurity concentration is low 80 that interaction between the impurity

atoms is negligible. The steady state equation for the solid solution. :
has the form H v(g,r R) = (B - Ep)j(qrs R) (1), where E; denotes the

energy, of the radiation field. The solution to this equation may be set’
up as \*'(g,r,R) - L}E;(g)'x(r,R), . (9) being the vave function of all
card 1/6
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impurity nuclei for the case where the excitation is characterizéd by the
guantum number m and is localized to the i-th nucleus. The wave Jfunction
of the system solid solution plus radiation field and' the corresponding
eigenvalues of energy are obtained in the form

Dy pnyy vy = C (- - .) Oh (o) 94 (r. R)ln.). (7).
El(n.)(N,) = E,'4 E; + U} (Re) + Eﬂm. {n, + ’/,),

C is, the wave function of the radiation field, In 2> a wave function
determlned by the occupatlon number ngj Q9 T, and R refer to the nuclei

and electrons of the impurities and to the "solvent", respectively,
Assuning the matrix elements of 11“ﬁﬂi transitions (i A 0) to be smaller

thanthe matrixelement of the 1.1 transition (which is considered here)
the authors obtein the.following formula for the emission probability:

. (o .
w{ - ILI’W{ = ILI.TZ‘—RC S due—‘l‘(a—ﬁ,o)-prﬁp(p)'

(10) ;.
Card 2/6 : : - RS ’
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‘ . e
— Ry '( q '™ )
{—e phv,
-F(n) = oxp |x,,| i—
. (») l_‘li o L‘"Mth( T ) { " ‘
{ ' - (10)
whe _ g0 R
—l)( "l Ie "t . el—ﬁuo"/.HPﬁ (ul‘_m') }' ’

m“(meLA“

R. = Elu’ |’hm‘-

J ‘ WL matrix ele ent, 7 the
Ec - Em1 - Emo + Ui1 U‘%o, L denotes the nuclear matrix m s P

momentum of the- -gamma quanta. _By splitting the integral in Eq. .{10) into
two portions with limits 0,%] and ["’o’ o) one can find Eq. (12) on

condition (11 ):

. 1 o\ : (11)7
Card 3/6 . ?lx l.cmT( qnuo)>i' )
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.;. — J 4 .. ct'." DIG:'I
=R, sdw WE—KMA R () = [1 + EF: + W.'*" . ']‘P (1» n. (12) |
' 3nech ' . o .
. { i hm:l N s . ’
33571-2“.,‘] ctbwo(hm:- . o (12).

Ca"-‘ '—2 1 | (ﬁml')’l

o D"’KT‘E"‘ |‘cth (Ii ms, -

a.=L.’,+Zh(m, —m.)n.-—E R,;
- hol -1
o [on )T
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2« 4B ® 2.2
X o —r‘-e-; M = -Fe-; W(x,n) - S dy cos xye™ VY 9 /4 is the function determinirg

. , 0
the shaﬁe of the‘emisaion curve of a free nucleus in consideration of the
Doppler effect. Condition (11) holds in the case of great heat liberation.
Similar deliberations are made for small heat liberation. Conclusions:

(1) The absorption and emission curves are Gaussian at high temperatures,

with a M8ssbauer line superimposed. In the energy spectrum, the M83ssbauer
line is right of the maximum of the phonon part in the emission spectrum,

and left of it in the absorption spectrum. (2) The intensity of the

Mdssbauer line rises sharply with decreasing temperature. (3) High-

frequency vibrations play a leading part in the interaction between nuclear
transition and normal vibrations. (4) In the case of small heat libera- :741;
tion, the absorption and emission curves are a superposition of Lorentz

curves of half-width /2. (5) When the impurity atomsoccupy different

sites in the solution and, accordingly, Ui depends on the position of the
atoms, the shape of the Mdssbauer line will be determined by the expression

1 “
2: « A short section of the paper is devoted to the
s (B -Bd)? + /g " T
¢«.Card 5/ -
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dependence of reabsorption on the thickness of the absorber and on the
velocity at which absorber and emitter are relatively moving. There are
14 references: 6 Soviet-bloc and 8 non-Soviet-bloc.

ASSOCIATION: Institut fiziki Akademii nauk USSR (Physics Institute of the
Academy of Soiences UkrSSR)
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AUTHORS: . Dzyub, I. P., and Lubchenko, A. F. S
TITLE: Resonance scattering of gamma qiania from nuclei in a solid .°

PERIODICAL: Akademiya nauk SSSR. Izvestiya. _Seri}a fizicheskaya, v. 25,5
no. 7, 1961, 901 - 908 ) . N

TEXT: This paper was read at the XI Annual Conference on Nuclear .
Spectroscopy in Riga,)January 25 - February 2, 1961. The authors detera "
mined the angular distribution and the spectrum of scattered gamma quanta,{
as well as the excitation spectrum. It is possible to determine the i
frequencies of normal vibrations of the scatterer either from the spectrupm
of gemms scattering or from the intensity of the Mossbauer line, which ,

be among the.m,atoms in an'elementary cell. The states of the scattere
and of tpe radiation field are characterized by a set of quantum number$
1%\3} %‘df’ where ng and N‘1 are the occupation numbers of the phonon and

photon fields, respectively. On the assunption that the virtual transitions
Card 1/5 : ' e
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are negligible, the nrocess of resonance scatttering may be considered as '
. oY ; ’ Iy - ’ - o e

a sequence of -transitions: IO{nB,,‘NO } —_ 11{,"&)’ {"o' 1}—)-10{ns} {_No' oo

NU,,+13 (1). ‘VWhen thezc three st-~tes are denoted by 0,,1, 0’, and when . 1

bo, b1, bo,,'.are the corresponding probability amplitudes, the variation
of these states with time can be :ritten down as

it . ;
iMby= S by COLH"|1>eb ™, (2),

Ara)e . ‘ J
- : : A By ) , 5
o imb = b A LH0YE R T e S a0yl B (20), - P

(n;)o’ . .‘

LT -Y
by = b0 [H [1yeh O, (28) L
v (na) . ' Pl
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where H’ 13 the energy operator of the interaction between gamma quanta ‘and -

nuclei, E are the energlies; ch, denotes the wave vector of the gamma ql;anté.
The solution of system, .(2) has the form bo(t) - exp{-f‘t/%} and b, (t)
it .. ¢ 13 ! 1870) !
= c(ns)[expg\-l"t/?h + T(I:.1 - Eo)_} -expi-x»t/aij § c(na) -2 WL
' . Eop-E1+ié_"'2 "
with the initial conditions b (0) = 1. The authors obtain the following

expression for the probabilitg? of resonance scattering as dependent on t.heg
frequency of the incident and the scattered light and on the scattering
. © o . .

angle: M  (NAR—G; G elnx E
W 3 e = ‘ dp S & G T X . '
nn’jj* -0 -0
© o . :
% Sdtxdtl exp {i;ltl — .2-'1' +K, (t').*.ZE.d,} exp {-—-i.ctt —_ %l+ .

K O+ B+ 1) a). ® . >( -

Gy = -+ o) (| Py + | P2y i, L

-
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K; () = SV PLyPly (i, +- 1 Je~ihmt ,;.cm-.r,.

d] = C“An."-'n“‘“ (P. P. it )(I’ g —— P -’C‘A."\

or o . 2
Notations: i = (;,;,, + 1).;,,,1L1110| [ L 11101 iy o= ,h (Ns,, + 1)\1. | g(E); _

3 the bar on top of the matrix element lLl denotea
(zrw)3 2 :
integration over the solid anole and sunmation over the polarization®of ’
the scattered gamma quanta; A.?O 2 g,- Rg R’ indicates the coordinateof.the

n-th scattering nucleus; v. - f(wd,, wWeedi & = -E + ﬁwci" .7 is. the wave

vector -of the lattice vibrations, n = (exn(‘hm/kT) - 1)-1 : d,(f,) is ‘
obtained by substituting -t and j for t’and j in K 5(8). Pz.d ;
= (pd J(s))/(ZM Nhaj) ; My denotes the mass of the scattering nucleus,
po, the momentum of gamma quanta of frequency wy, v (s) the displacement ofx
the j-th atom in a cell with n = Q. The ezcit‘.tion spectrum is found to.
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consist of a phonon part with a number of clear peaks and several
Mbssbauer lines of the half-width 3/2. The structure of the scattering
spectrum is analogous. N. N, Bogolyubov is thanked for discussions.
"There are 11 references: 3 Soviet-bloc and 8 non-Soviet-bloc.

ASSOCIATIONs Institut fiziki Akademii nauk USSR (Ihstitute of Physics of
the Academy of Sciences UkrSSR)
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AUTHORS: Dzyub, I. P. and Lubchenko, A. F.
TITLE: The Theory of the MYssbauer Effect

PERIODICAL: Doklady Akademii nauk SSSR, 1961, Vol. 136, No. 1, pp. 66-69

TEXT: In connection with the studies of emission and the absorption of
f;quanta by nuclei in a crystal lattice, much interest is displayed in
considering the changes in the equilibria and the oscillation frequencies
in dependence on the nuclear state. Particular importance must be attached
to the criteria which determine the absorption- and intensity curves and SZ
to the criteria concerning the existence of M8ssbauer lines. It is these
problems that the present paper deals with. A.solid is investigated, in
which f-radioactive impurity nuclei are contained, and in which the
interaction between the impurity atoms may be neglected. The binding
between impurity atoms of the solvent is determined by the magnetic moment
of the impurity atoms which depends on the nuclear state of the impurity
atom. Using adiabatic methods, it was shown that the equilibrium of the
atoms of the solvents and the frequency of the normal oscillations depend
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on the state of the impurity nuclei. The suthors glve the wave function of
the system nucleus + solvent + electromagnetic field in adiabatic approxi- -

mation:
§1n8Na = lND> 5| 0D

‘1'1 are the wave function of the nucleus and thé electrons in the state
1. ’n8> and INU) are the wave functions of the lattice vibrations and of
the emission field. The operator Si gives different equilibria of the
solvent nuclei for different nuclear states. In this case S

’ +
= exp{é §Bl(ba - b32} (2) holds, where fsl is the shift of the nuclear

$

coordinates, b; and bs are the phonon production- and annihilation

operators, Proceeding from (1), the emission of J -quanta by an impurity
atom in the transition 1_-— 1o is investigated, and for the total

1

emission cross section of the p-quanta the relation _de(E) = — dowe(E) (4)
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———— e e

is obtained, where T e : .
W, (E) =5 Re{ explin (E —Ei) —n T + & (1)} dis
']

" E:, = Lo + Z;‘l. (ﬁﬁm, o hmcl.);

8 (8) =2\ B, + igu, | (s, + 1) eVt 7,y e~tbhoy, 05 1y,
R s

Here; % is the total resonance absorption cross section for } -quanta by
a free nucleus,_E0 is the energy difference between the excited and the

ground state of the impurity atoms in consideration of itg interaction_
with electrons and the solvent. The caloulation of We(E) for high and low

temperatures is dealt with in great detail. From the analysis of the
results obtained, the authors conclude that in consideration of the changes
in the equilibrium of the nuclei and the normal frequencies of the lattice,
the MYssbauer lines shift with the temperature by the quantity AE

- n - K ', -

sZ o1, (iw811 a‘slo) The absorption- and emission maxima a-re at e
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distance from the Mbssbauer lines, which corresponds to the recoil energy
of the nucleus. The-authors thank N. N. Bogolyubov and M. V. Pasechnik
for discussions and for their interest. There are 9 references: 1 Soviet,
2 German, and 6 US,

ASSOCIATION: Institut fiziki Akedemii nauk USSR (Institute of Physics of
the Academy of Sciences of the UkrSSR)

- PRESENTED:  July 22, 1960, by N. V. Bogolyubov, Academician
" SUBMITTED: July 6, 1960
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AUTHORS ¢ Dzyudb, I.P., Tubchenko, A.F., and Ch'in Ytin-weng
TITLE: Resonance scé%%ering of gamma rays by impurity atoms
in solids

PERIODICAL: Ukraying'kyy fizychnyy zhurnal, v. 7, no. 5, 1962,
457 - 468

mExT: The authors calculated the excitation and scattering spectrsa af
of gamma rays by impurity nuclei, allowance being made for changes

in the frequency of normel-mode oscillations of the solid solution,
and in the equilibdbrium positions of the impurity atoms in the case

of large as well as small neat-release. It is assumed that the im-
purity concentration is low, so that the interaction between the
inpurity atoms can be neglected. In the adiabatic approximation,

vhe wave functions and the corresponding energy values of the sys-

Tem are: A
T Qg TN S (1)

| N
oo 1js Dl mEE By TR Bowi () = Tt 2
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where El is the internal energy of the impurity atom; E‘Noﬁ ~ the
energy of the radiation field; V%(Ro) - the potential energy of the {,
solid solution; wé
the displacement of the atoms from the equilibrium position. An in-
tegral formula is obtained for the probability W of resonance scat-
tering. The excitation and scattering spectra are calculated under
the following assumptions: a) The spectrum of the incident gamma
rays is constant in the phonon part of the absorption spectrum; b)
the energy of the gemma rays is much higher than the width of the
ohonon part. Formulas are obtained for the excitation- and scatte-
ring spectra. It is concluded that 1) Under assumptions (a) and (b),
the excitation spectrum coincides with the absorption spectrum of
gamma rays. Vith large heat-release, the shape of the phonon part
of the spectrum is close to a Gaussian curve, with a strong line oZf
naztural width (MYssbauer's line) on its longwave wing; the intensi-
ty of this line decreases fast with increasing temperature. Viith
small heat-release, the excitation spectrum is the sum of ILcrentz
curves. The position of the entire spectrum changes with temperatu-

Card 2/4
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- the frequency of the s-th normal mode; Esl -
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re. 2) The scatterin spectrum does not generally coincide with the
radiation spectrun, %under agsumpiions (a) and (b)). Vith large
neat-release, the scattering spectrum coincides only at the wings
witn the radiation spectrum or if the viewing angle is 909; u¥ss-
bauer's line is towards the shortwave side from the naximum of the
phonon part. With small heat-release, the scattering spectrum dif-
“ars 1ittle from the radiation spectrun: ¥8ssbauer's line is pre-
sent, whose intensity varies with temperature (as in the case of y
the excitation spectrum). If the spectrum of the incident gamna-rays 7

has the shape of a Lorentz curve with maximum at the point 5.5&0 v
and nhalf-width Y., then it is impossible to determine the scatterirg

spectrum in the general case: Therefore the authors derived a for-

rula for "soft" gamma-rays only (with energies of several kev.).
mpe first term of this formula represents M8ssbauer's line, whereas
the otner terms represent inelastic scaittering of gamma-rays which
ig accompanied by phonon creation or ennihilation. There is 1 figu~

" re znd 7 references: 4 Soviet-bloc and 3 non-Soviet-bloc (including
1 translation).
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Resonance scattering of gamnma rays +.. D407/D301
ASSOCIATION: Instytut fizyky AN URSR (Institute of Physics of the
AS UkrRSR), Kyyiv ,jﬂ

SUBMITTZED: December 30, 1961
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" AUTHORS : Dzyub, I. P., and Lubchenko, A. F.
Dzyub, 1. Fes

TITLE: Effect of forced orystal vibrations on the speotfum of
scattered y quanta )

PERIODICAL: Akademiya nauk SSSR. Doklady, v. 145, no. 1, 1962, 73-75
X .

?uXT: The single-phonon peaks in the gpectrum of scattered Y quanta can /
be considerably intensified by forced crystal vibrations imparted e.g. by /
a quartz ultrasonic resonator. A study of the Rayleigh diffusion reveals

the following: when & ¥ radiation with narrow energy band oontaining
Mssbauer lines impinges on the soatterer, a Mdssbauer line is obveerved

only under.. a Biagg angle determinable from the conditions w, - U,, = 0

and k)\, - kx = K, where & ias the frequency of the Mdssbauer quanta and
wx, is the socattered-light frequency. Observations made at anothér angle

— ->

(K, -k - mg = K) showed narrow bands o), = O, t my 1in the spectrum of

the Y quanta. mq is the lattice vibration frequency. The ratio between

Card 1/2
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relative line intensities of scattered Y quanta is '2uI;|/d where 4 js the
lattice constant and. & the amplitude of the lattice vibrations. -
Academicien N. N. Bogolyubov is thanked for discussions. There is -

1 figure. .

ASSOCIATION: Institut fiziki Akademii nauk USSR (Institute 'of Phyeics
of the Academy of Sciences UkrSSR) o v

PRESZNTED: February 19, 1962, by N. K. Bogolyubov, Academician

SUBMITTED: February 10, 1962-
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Observations of the moon and major plarets with the meridian circle
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Mogsbeuer effect on impurity muclei at low temperatures. Bokl,
AN 88SR 147 no,33584~587 N 162, (MIRA 15512)

1. Iﬁatitut fiziki AN USSR, Predstavieno akademikom N.N.

Bo bovym,. .
go}:yu m (Mossbauer effect)

,
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ACCESSION NR: AP300127k

f AUTHORs Dzyub, 1.P,
. TITLE:

TOPIC TACS: oxelton absorptien,

centers, absorption curve

ARSTRACT: The author has gought to
1ight absorption,
found a method of determining the sum rule,
absorption curve, and
curve, investipgating them
exciton-phonon interaction glves rise
comparing these theoretical
neceasary te normalize the aresa under the curve
unity., Investigation of the
especially important,

. transition corresponds

lﬂCord 1/2

for temperature depen
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Sum rule in the theory_rqf axciton \absorption of light (IO‘Z l

SOURCE; TFizika tverdogo tala, V. 5, no. 2, 1563, 1577-1585 o oo 1
i

sum mle.exciton-phohon interaction, impurity

obtain an expreasien for the probability of |
taking inte account the exciton-photon interactien. ‘
that is,
he has obtained valuass for the
donca.
try in ths absorption curve.
results with the experimental,
(of an exciton absorption band) te
3rd-order moment for temparature dependsnce is

for such depandence indicates that
to a free axclton rather than to an irmpurity centsr or

3/01681/63/005/006/1571/1585

fle has

the momants of the exciton-

firat four moments of the
Consideration of the
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the author found it

an investigated
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- ACCESSION NR:, AP300127L
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1ocalized sxcltan, The first momsnt of the curve dspends esgantially on bo-

navior of the curve on the "limbs," and it ia hence important to examins thess
reglons carefully, It is also essential that the investigated band dees not :
overlap any other absorption bard. "In conclusion I wish to thank A,3, Davywdoy
for his interest in the work and for valuable discussions.” Orig, art, has: :

i

© 30 formulas, .

" ASSOCIATION: Institut fiziki AN USSR, Kiev (Inatitute of Physics, Acadesy of

' Seiences,Ukrainian SSR)

| SUBMITTED: OSJant3 DATE ACQI OLJul63 ENCL: 00

| SUB CODZ: PH NO KEF SOV: 006 OTHER: (11
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| AUTHOR: Deywb, I. P.; Lubchenko, A, F, | 5,/@

TITLE: The method of temperature Green's functions in the theory of the
Mossbauer effect,on impurity nuclei

CP

SOURCE: Zhurnal eksper. i teoret, fiziki, v. 4k, no, 5, 1963, 1518-1524

TOPIC TAGS: Mossbauer effect, probability, temperature shift, temperature Green's
functions ’

ABSTRACT: The probability of the Mossbauer effect for an impurity nucleus in
s0lid solution and the temperature shift of the Mossbauer line are determined by
the method of temperasture Green's functions. The study of the Mossbauer effect

rediocactive nucleus by suitable choice of the crystal-golvent, The mathod of

temperature Green's functions obviates the need for solving the dynamic problem
for a substitutional solution., Genersl equations are obtained for the
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"

ACCESSION NR: AP30000u4%4 O,L

Drobability of the Mossbauer effect and for the temperature shift of the line
in terms of the parameters of the 1deal solvent lattice and the mass ratio of
the impurity and crystal-solvent atoms, as well as quantities characterizing the
interaction of the impurity atom and the atoms of the solvent., Specific
ccmputations are made for a monatcemic cubic crystal-solvent in the Debye
aprroxiration, The camputed values of the probability and of the texperature
shift are compared with the available experimental data. "We thank N. N.

._Bogolyubov for valuable comments and hig interest in the work." oOrig. art, has:
2 figures and 23 formulas.

ASSOCYATION: Institut fizikl Akademii nauk Ukrainskoy SSR (Institute of Physics,
Academy of Sciences USSR)

SUBMITTED: 14Jul62 DATE ACQ: 12Jjun63 ENCL: 00
SUB CODE: PH NR REF S0V: 006 onmn 003
a- 4 [o

ci&’h‘Z

/2

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000411920019-4"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000411920019-4

ACCESSION NR: AP4039685 . s/0181 /64/006/006/,(’{866/ 16882

AUPHOR: Dzyudb, I. P.
T S e

TITLE: - Inelastic incoherent soattering of slow neutrons by unordered solid
solutions ’

SOURCE: Fizika tverdogo tela, v. 6, no. 6, 1964, 1866-1082

TOPIC TAGS: neutron scattering, solid solution, Green function, incoherent
scattering, Mossbauer effect

ABSTRACT: The author used the Green function to formulate a regular method of
investigoting the indicated scattering. He examined single-phonon inccherent
scattering of slow neutrons by binary unordered solid solutions. An exprossion,
ropresented by a series of concentrations of one of the components, wo3 cotained for
the differential effective scattering cross section of neutrons. In :onsidering
only the difference in magses of component atoms in the solution, the author made a
detailed study of low concentrations. Peculisrities in the cross sestion of
inelastio neutron scattering by nonideal crystals mst be expected when the foroe
constants change during replacement of atoms in the crystal matrix by impurity
atoms. Indirect support of this is found in the characteristic temperature

Cord 1 /2
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dependence of MOssbauer line intensity for impurity nuclei: when quasilocal oscilla-
tion occurs at a temperature considerably below the Debye temporature for an ideal
lattice, the intensity of the M8ssbauer line falls exponentially with temperature,
vhereas, with local oscillations, the temperature dependence of the M8ssbauer line
is weak, even at temperaturos greater than the Debye temperature of an ideal crystal.
At present, however, detailed investigation of peculiarities in the oscillation
spectrum of nonideal crystals is possible only by means of inelastic scattering of
s8low neutrons. The best material for such a study must be vanadium with impurity
atoms of tin, because coherent scattering is very weak here and the force constants
remain practically unchanged during replacement of vanadium atoms by tin. Orig.
art. has: 3 figures and 52 formulas.

ASSOCIATION:Institut fiziki AN UkrSSR, Kiev (Institute of Physios AN UkrSSR)

SUBMITTED: 290ct63 : ENCL: 00
SUB CODE: S§S, NP NO REF SOV: 011 OTHER: 019
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VEKTEBNYY V,P.; DZYUB, I.P.; MAYSTRENKO, A.N. [Maistrenko, C.N.]; PASECHNIK,
MYy,

Effect of close-range order in liquids on the total interaction
cross sections of cold neutrons., Ukr. fiz, zhur. 9 ro.6:684-686
Je '64. (MIRA 17:11)

1. Institut fiziki AN UkrSSR, Kiyev.
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neutrons by gas molecules

L 5352.66 EUT(m)/EPF(n)~2/EWA(R) - - . . e
ACCESSION NR: AP5021114 UR/0056/65/049,/002/0493 /0499

/6
AUTHOR: Dzyub, I. P. /5

S | 19
TITLE: The role of rotational states in the scattering of slow

‘SOURCE: Zhurnal eksperimentall'noy 1 teoreticheskoy fiziki, v. 49,
no. 2, 1965, 493-499 ‘

TOPIC TAGS: neutron scattering, neutron spectrum, scattering cross
section, small angle scattering, molecular physics

'ABSTRACT: This research was motivated by the fact that no regular
method has been proposed as yet for finding corrections to the
Krieger-Nelkin formula (Phys. Rev. v. 106, 290, 1957) for the double
differential cross section of neutron-molecule dcattering in the re-
glon of momentum transfers where this formula glves the main proper-

ties of the spectrum of the scattered neutrons, nor is there a simple .
formula for the neutron spectrum in the region of low momentum trang-
fers, where the quasi classical formula 1is not applicable. To this j

. Card 1/2, .
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ACCESSION NR: AP5021114 . y, !
‘end, the author uses the Zemach-Glauber formalism (Phys. Rev. v. 101, ;

118 and 129, 1956) to calculate the differentlal cross section for ;

‘the scattering of slow neutrons by gas molecules. The limits of .i oo
‘applicability of the Krieger-Nelkin formula are examined and 1t 1s i
‘shown that-this formula is not applicable elther low or high momentum ;
‘transfers, only at medium momentum transfers. The differential cross |
t2oetlion for low momentum transfers 1s then calculated. The results !
‘agree with experimental data on small-angle scattering. Orig. art. f

‘has: 14 formulas :

_ASSOCTATION: Institut fiziki Akademii nauk Ukrainskoy SSR (Ihstitute .
‘of Physics, Academy of Sciences, Ukr3SR)

SUBMITTED: 20Nov64 ENCL: 00 SUB CODE: NP o
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Treory of the 1%ssbauer effect in nonideal crystals. Fiz, tver, ‘ela
7 no.2:37:-378 F 165, {MIR4 18:8)

1. Institut faziki AN TkeCER, Kiyev.
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Author "¢ Dzywba, A,

Title : Radio receiver TPS-54 (T/1 C~54)
Periodical : Radio 7, 21-24, July 1954

| Abstract : A relay receiver of the "TPS=54" type, designed for installation in radie
centers and at special receiving points, is described. The receiver operates
on one long-wave band, ons medium and four short-wave bands. The range of
frequericies and the other parameters of the receiver, such as its sensitivity,
selectivity and its output power, as well as the AVC and tone-quality control
aystems, are set forth in particular. The receiver can be fed from a 110, S
127 or 200 volts line, Power consumed is not over 50 watts. Detailed descrip-
tion of the following items is given: 1) Input circuits and R-F amplifier;
2) Mixer and first heterodyne; 3) intermediate-~frequency amplifier; and L)
Detector and A-F amplifier. The general design, data on coll winding wires,
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T T T T T (Additional Card)

B3 Abstract : and thassis layout are featured in the article. The method of reception on

: two "separated" antennas is also described, Illustrations; diagrams (include
ing a general cirucit diagram); table.

Institution : ...

Submibtgd -
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Afforestation of the semiarid dunes of the Caspian Sea Area. Les. khoz.
5, No 6, 1952,
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AUTHORS: ._ Dzyuba, A.S.,, Kantor, P.B.

TITLE:

PERIODICAL:
ABSTRACT:

Card 1/2

06187
S0V/115-59-11-15/36

T P
A Semiconductor Thermocryostat for Checking Reference
Thermometers

Izmeritel'naya tekhnika, 1959, Nr 11, pp 39-40

Checking reference thermometers in the range of + 20
to - 209C is connected with considerable difficulties,
gince there are mo suitable and reliable thermostats
for this temperature range. A thermocryostat was de-
veloped for checking reference thermometers at the
Khar'kovskiy gosudarstvennyy institut mer i izmeritel'-
nykh priborov (Khar'kov State Institute of Measures
and Measuring Instruments). Cold is produced by a se-
miconductor thermopile produced by the Leningrad Sov-
narkhoz. The capacity of the semiconductor thermopile
is adequate to keep the temperature at - 200C when
checking four thermometers simultaneously. A tempera-
ture regulator is used, which keeps automatically the
temperature at the required level. The temperature
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A Semiconductor Thermocryostat for Checking Reference Thermometers

transducer is a MMT thermistor which is one arm in a
balanced Wheatstone bridge. The other arm is a varia-
ble resistor with a step-adjustment to 24 settings, co-
vering the entire range from + 20 to - 20°C,. Tempera~
ture changes cause resistance changes in the transducer,
resulting in an unbalance of the bridge. The unbalance
voltage is amplified by an a.c. amplifier by 2000 times.
The signal from the amplifier is fed to the power rec-
tifier composed of VG-10/15 germanium diodes. The rec-
tifier feeds the thermopile thru a tank inductance.
The accuracy of producing a given temperature is
+ 0.02°, The prescribed temperature is reached within
25-30 minutes after the cryostat was switched on. It
is planned to replace the thermopile by g larger one,
whereby the temperature range is extended, or a larger
number of reference thermometers can be tested. The
authors describe the construction of the thermocryostat
briefly. There are 1 block diagram, 1 diagram, 1 graph,
Card 2/2 and 1 Soviet reference,
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5/115/62/6C0/005/002/006
E140/E435

© AUTIIORS: Iosel'son, G.,L.,, Dzyuba, A,S,
TITLE: “Thernistor temperature control ‘
FERIODICAL: Izmeritel'naya tekhnika, no.5, 1962, 23-24

k04
&

Y

-3

The authors describe a conventional temperature control
using a thernistor bridge and double-triode vacuum-tube amplifier,
in which the temperature is maintained to within + c.o1°c, The
Soviet thermistor type MMT-4 is used, Reproducibility of
temperature ist0.02°C. There is 1 figure.
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